Chemical carcinogens are the main cause of cancer. Many thousands of new chemicals are synthesized annually in the world, unknown part of them is carcinogens. There are several methods, which are currently used for testing carcinogenicity. The fastest are physicochemical methods. We suggest the method of fast carcinogen screening using the positron annihilation spectroscopy (PAS). It is based on the fact that the presence of carcinogens, being strong electrophiles, significantly decreases positronium (Ps) formation probability. This quantity can be measured by means of conventional PAS techniques: positron annihilation lifetime spectroscopy (PALS), angular correlation of annihilation radiation (ACAR) or Doppler broadening of annihilation radiation (DBAR).
INTRODUCTION
Chemical carcinogens are the main cause of cancer [1] [2] [3] . Many thousands of new chemical compounds are synthesized annually in the world, unknown part of which is carcinogens. New dangerous compounds may enter a human body with water, food, etc., then they dissolve in the aqueous or lipid media, integrate into the biochemical processes inside the cells, violate the mechanisms of self-regulation of cells and lead to their degeneration into malignant tissue. There are several methods, which are currently used for testing the carcinogenicity of chemicals (screening of carcinogens): epidemiological studies; experiments on animals; short-term tests (Ames test); correlation of molecular structure and its biological activity (QSAR -quantitative structure activity relationship); physicochemical methods.
The most reliable data is provided by experiments on animals. However, they are long-lasting and allow testing only a small part of the synthesized substances. The fastest are the physicochemical methods.
James and Elizabeth Miller established that almost all known carcinogens possess the common property of being highly electrophilic [4, 5] . They described electrophile as a particle with vacant electron orbital ( [4, 5] .
It is important to note that only some carcinogens originally have a positive electron affinity. The majority of chemical carcinogens (called procarcinogens) become active upon entering an organism after metabolism to ultimate forms through the oxidative action of enzymes.
The second starting point of Ps method is the idea which belongs to George Bakale.
He supposed that the electrophility of chemical carcinogens may mean that they are able to scavenge efficiently excess quasi-free electrons that are produced in a nonpolar solvent by a short pulses of ionizing radiation. This property allows to identify carcinogens. In the presence of an electrophilic solute S, the high-mobility electrons will attach to the electrophile and thereby will be converted to low-mobility anions.
This change in mobility of the charge-carriers is readily monitored and an electronattachment rate constant, k(e − + S), can be extracted from the decay kinetics of the conductivity of the solution. A diffusion-controlled rate constant, which indicates the absence of a thermodynamic barrier in the electron-solute interaction, may be considered as a positive indication that the solute is an electrophile and a carcinogen, whereas a less-than diffusion controlled rate constant may be regarded as a negative indication of electrophility and carcinogenicity. Bakale's group for more than 10 years developed a pulse-conductivity method for fast detection of carcinogenic compounds. The essence of the method is as follows. A liquid cyclohexane was chosen as a model of the intracellular milieu. After the investigated substance was dissolved in cyclohexane, the solution was irradiated by nanosecond pulses of accelerated electrons. The slowing down electrons produced in the solvent a large number of ion-electron pairs. Before recombining with counter-ions, the thermalized secondary electrons had a chance to react with the solute S and the reaction rate constant, k(e − +S), was measured through the electroconductivity induced in the solution.
Among all reactions of track electrons with chemicals identified as carcinogens in animal-test or epidemiological studies the reaction with tetrachloride CCl 4 , was characterized by the lowest diffusion controlled rate constant, k(e − +CCl 4 ). Therefore potential carcinogenic hazard of a compound S was quantified with the help of the inequality:
. If the rate constant k(e − +S) of the reaction between a solute S and a track electron was larger than the rate constant k(e − +CCl 4 ), S was considered as a potential carcinogenic compound.
First measurements of Bakale's group have demonstrated impressive results [6] .
From more than 40 compounds for which their rate constants with track electron exceed the rate constant of tetrachloride, only 5 do not belong to carcinogens according to biological criteria. From 18 compounds with rate constants lower than that of tetrachloride, 3, nevertheless, belong to carcinogens. Thus, the predictiveness of Bakale's method for carcinogenicity is more than 80 %. This is quite good accuracy index. An important distinctive feature of Bakale's method is its ability to detect not only ultimate but procarcinogens too.
The experimental results of Bakale's group have been recognized as rather promising. However, a practical realization of this method is not simple. The main part of Bakale's nanosecond pulse radiolysis setup constitutes an electron accelerator. It is clear that high cost of this facility, difficulties of maintenance, radiation shielding and disposal strongly narrow widely usage of pulse conductivity technique. Therefore, it seems reasonable to search possible improvements of Bakale's method. One of its modifications is discussed below.
We suggest an alternative method of fast carcinogens screening using the positron annihilation spectroscopy. This method is based on the following two facts: 1) formation of positronium (Ps) atom in a condensed medium proceeds as a result of combination of a thermalized positron with one of the quasi-free electrons of the positron track; 2) carcinogenic substances, being very strong electrophiles, are effective scavengers of quasi-free track electrons. Therefore, the presence of carcinogens significantly reduces Ps formation probability. To measure this probability and predict carcinogenic hazard of the tested substances, one may use standard techniques of positron annihilation spectroscopy [7] . The proposed method also allows to estimate anticarcinogenic properties of chemical compounds by the presence of an antiinhibition effect of Ps formation [8] .
MATERIAL AND EXPERIMENTAL PROCEDURES
The study of the defect structure of matter using the positron annihilation is based on measuring the positron lifetimes in matter, changes in the energy of annihilation gamma quanta, or in the direction of their emission. The subjects of the study usually are the electron density of the material, the type and concentration of defects, the chemical environment of the positron annihilation point, the changing of these parameters under various external influences. 
In the terminal blob the positron competes with radical-cations H 2 O + for the presolvated electrons. If it is succeeded to capture one of them, the positronium atom may be formed:
When scavenger S of presolvated track electrons is added into solution in concentration c , the reaction:
competes for track electrons, see reactions (1-2), and suppresses yields of radiolytic hydrogen and Ps atoms [9] :
Here P 0 and P (c ) are the yields of Ps in the pure solvent and when S is added, q is the inhibition coefficient of Ps formation; V 0 is the typical volume of the terminal e + blob and n 0 is the initial number of ion-electron pairs in it.
Ps formation can be easily observed.
When positrons annihilate with the electrons in the sample, in the most cases two gamma quanta are created. They are emitted in almost opposite directions. Angular deviation from collinearity is caused by the momentum of the electron. Hence, measuring the angular correlation of the annihilation radiation yields information about the momentum distribution of the electrons. Atomic electrons have a wide range of momentum. Therefore, the angular distribution of gamma quanta is rather wide. The momentum of an electron in a positronium atom is substantially less than that of atomic electrons. It leads to the appearance the narrow component in the angular correlation of annihilation radiation (ACAR) spectra (Fig.2a) .
The formation of positronium can also be observed using the positron annihilation lifetime spectroscopy (PALS). While the lifetime of a positron in matter varies in the range of 100-500 ps, positronium in a triplet state (o-Ps) can live 10-100 times longer, that leads to the appearance of the long-lived component in the PAL spectra. Fig. 2b schematically demonstrates transformation of the positron lifetime spectra when o-Ps formation probability varies from 0 to 25 %. 
RESULTS AND DISCUSSION
If the substance S is an efficient electron scavenger, it can suppress Ps formation, if its concentration is large enough. As we have mentioned above, efficient e-scavengers are very probably carcinogens. Therefore, a negligible Ps yield in a solution of the testing substance S, indicates that S could be a carcinogen. Tests of several dozens (carcinogens and non-carcinogens) confirmed the efficiency of the positron method [11] . As we said above, the yield of positronium can be measured by different methods of positron annihilation spectroscopy: positron annihilation lifetime spectroscopy (PALS), Doppler broadening of annihilation radiation (DBAR) and angular correlation of annihilation radiation (ACAR). To choose the most appropriate for evaluating carcinogenicity method, the performance characteristics of PAS techniques must be taken into account, the most important of which are given in Table. 1.
From the above characteristics it can be seen that the most suitable platform for the development of a laboratory test procedure is the PALS-spectrometer. This method has high accuracy, uses a low active source of positrons, can work for a long time in an autonomous mode; it is possible to automate the processes of collecting and processing information. A significant exposure time, which is its main drawback, can be overcome by increasing the number of registration channels. Even in the standard configuration, the life-time spectrometer, having small dimensions and mass, is placed on a laboratory table. After testing the method for evaluating the carcinogenicity of 
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